Abstract In this study, whole wheat bread (WWB) prepared by whole wheat flour (WWF) which its branny fraction (35±1% w/w whole flour) previously was stabilized with different processes. Branny fractions obtained by milling of two different Bezostaja-1 wheat samples (medium and high strong) at 65±1% wheat flour extraction ratio. These fractions were stabilized using autoclave (AU), microwave (MW), infrared (IR) and ultraviolet-C (UV-C) methods. Then, WWF obtained by remixing of stabilized branny fraction (35±1% w/w) and wheat flour (65±1% w/w) of same wheat samples. Following this process, WWB was made from WWF. WWB were analyzed to determine their nutritional properties as crude protein, in vitro protein digestibility (IVPD), phytic acid content, total and HClextractable mineral concentrations, total phenolic content (TPC), antioxidant activity and total dietary fiber (TDF). While IVPD, TPC and antioxidant activity of WWB increased together with all stabilization methods, a significant (P<0.05) loss was observed on phytic acid content of the WWB. Especially, UV-C and IR treatments had positive effects on TPC and antioxidant activity. AU and MW stabilization methods increased total mineral and HClextractable minerals of WWB. As a result of this study, all stabilization processes had an improving effect on nutritional characteristic of WWB.
Introduction
Bread and bakery products have an important role in human nutrition all over the World. Generally, wheat bread is considered to be a good source of energy and irreplaceable nutrients for human body. This is especially true for the products made from whole wheat flour or high-yield flour types. Bread prepared from refined wheat flour is nutritionally much poorer and does not adequately meet the requirements for many macro or micro nutrients (Skrbic and Filipcev 2008) . Since milling of wheat efficiently separates the bran, germ and endosperm to produce refined flour (Venn and Mann 2004) . Dietary fiber, antioxidant and phenolic components like most nutritive ingredients are chiefly present in the bran layers and germ of the wheat kernel (Beta et al. 2005) . Especially, wheat germ contains highly concentrated nutrients: 3 times as much protein, 7 times as much fat, 15 times as much sugar and 6 times as much mineral when compared to refined flour .
Whole wheat flour is a very cheap micronutrients and dietary fiber source besides to be the main food stuff for human. It receives increasing demand year to year due to the decreasing effect on the risk of heart disease, hypertension, colon cancer, diabetes and obesity (Miller et al. 2000; Slavin 2000; Adam et al. 2003; Liu 2007) . On the other hand, it has some antioxidants like phytic acid, glutathione, and tocopherols, and some essential fatty acids (Slavin 2000; Liu 2007) . Also, it is used to make some foods with lower glycemic index and calorie (Adam et al. 2003) . It has the proteins with good nitrogen balance, and the high amount of starch with the best suitable and cheap energy source (Slavin 2000) . Also, some epidemiological studies indicate that the consumption of whole-grain and wholegrain products is related to reduction in total mortality (Jacobs et al. 2001 ).
However wheat bran and germ have poor shelf life due to the presence of unsaturated fatty acids, and oxidative and hydrolytic enzymes, rendering the product highly susceptible to rancidity since biologic and enzymatic activities of outer layer of the wheat kernel influence the whole wheat flour stability and bread properties during storage Srivastava et al. 2007 ). In literature, there are some studies about the effect of different stabilization methods, MW, AU steaming, roasting, toasting, IR heating, on bran or germ fraction of wheat kernel (Sivri et al. 1992; Vetrimani et al. 1992; Kermasha et al. 1993; Zwingelberg and Fretzdorff 1996; Pınarlı et al. 2004; Srivastava et al. 2007) . For this reason, to apply heat treatment of the outer tissue layers for improving and stabilizing shelf life of cereal grains have been achieved Sudha et al. 2007 ).
Thermal processing is the most extensively used method of food preservation to destroy microorganisms thereby extending its shelf-life. However, thermal processing has long been perceived to generally increase the digestibility of foods but with loss of certain heat-labile nutrients thus lowering the nutritional value (Randhir et al. 2008) .
In this study branny fractions of two different types of Bezostaja-1 wheat were fine ground and stabilized by using some physical treatment methods such as AU, MW, IR and UV-C versus the control. Then, the treated "branny fractions" are remixed with the separated "wheat flour", and "whole wheat flour" is regenerated. The obtained WWB were analyzed to determine their some nutritional properties as crude protein, IVPD, phytic acid content, total mineral and HCl extractable mineral concentrations, TPC, antioxidant activity and TDF content.
Materials and methods
Materials Two different strong (medium and high strong) Bezostaja-1 wheat materials obtained from a local commercial flour mill (Alaybeyi Flour Mill, Konya, Turkey).
Experimental design Two diffent stong Bezostaja-1 wheats (Bezostaja-1 (A) and Bezostaja-1 (B)) and five stabilization methods (AU, UV-C, MW, IR and control) were used as factors with two replications in the experiments, according to the completely randomized design of (2×5) ×2 factorial plan.
Stabilized WWF production Wheat samples were milled on a lab-roller flour mill (Chopin CD 1, Chopin Technologies, Villeneuve La Garenne, France) at 65±1% "wheat flour" extraction rate. After this processing, the remaining milling fractions called as "branny fractions" containing germ, coarse and fine bran, and a small amount flour. These fractions were milled into fine material on a hammer mill (FN-3100 Laboratory Mill, Perten Instruments AB, Huddinge, Sweden) with 500-micron-sieve opening. On these materials, different stabilization treatments (AU, MW, IR and UV-C) were applied. To prepare the remix flour, the fine ground and heat treated "branny fractions" and "wheat flour" were mixed thoroughly. Thus, stabilized WWF was obtained.
Stabilization methods
-Autoclave (AU) stabilization Each batch, consisted of 100 g of branny fractions, were put in autoclavable bags, and steamed in AU at 121°C for 15 min. -Microwave (MW) stabilization Each batch consisted of 100 g of branny fractions were put in a glass plate to achieve 3 mm height and subjected to thermal process using MW-oven (Arçelik ARMD580 oven, İstanbul, Türkiye) at 750 watt and 70°C. Stabilization process was carried out by allowing the branny fractions in a glass plate to keep in the MW-oven for 1 min after their temperature level reached to 70°C. -Infrared (IR) Stabilization Each batch consisted of 100 g of branny fractions were spread on a glass table with dimensions of 0.2×20×20 cm to achieve 3 mm of height and subjected to thermal process using IR-lamp (Philips, IR-250R 250 W lamp, Eindhoven, Holland) to reach 70°C of internal temperature of the materials. Then, they were kept further at this temperature level for 1 min to achieve IR stabilization. In order to apply the thermal process to underside of the materials, approximately 1 cm 2 of gaps were left. A mirror apparatus having the same dimensions was placed under the glass table.
-Ultraviolet (UV-C) stabilization Each batch was spread on a flat surface as described in the IR stabilization method and subjected to UV-C using UV-lamp (30 W, 254 nm) for 3 min.
Proximate analysis The AACC methods were used for the determination of moisture (method 44-19), crude ash (method 08-01), crude fat (method 30-25), crude fiber (method 32-10), and crude protein (method 46-12) contents of the WWF samples (AACC 1990) . For determination of gluten quality of the WWF, wet gluten (ACCC method 38-12), gluten index (AACC method 38-12) and Zeleny sedimentation (ICC method 116/1) tests were used. The color parameters "L*", "a*" and "b*" were obtained by using Hunter Lab Color Quest II Minolta CR 400 (Konica Minolta Sensing, Inc., Osaka, Japan). The color measurements were determined according to the CIELab color space system (Francis 1998) . In the measurements of the rheological properties of the WWF, farinograph (ICC method 115/1) and extensograph (ICC method 114/1) are used according to ICC standard methods (ICC 2002) .
Bread making WWB samples were obtained by the modification of AACC method 10-10B (AACC 1990). Fermentation time was "30+30" min for bulk fermentation and was 50 min for proofing. Then, the samples were dried at 50°C for 18 h in an air-convection oven (Nüve FN-500, Ankara, Türkiye) and these samples were crushed using a laboratory type grinder (Moulinex Super Junior S, Paris, France). Afterwards the samples were packaged in sealed bags and stored at 5°C, until used.
Nutritional analysis The Kjeldahl method was used to determine the crude protein content of the WWB samples with a conversion factor of 6.25 (AACC 1990) . In vitro protein digestibility (IVPD) tests followed the methods of Bookwalter et al. (1987) . Phytic acid content was measured by a colorimetric method according to Haug and Lantzsch (1983) . Phytic acid in the sample was extracted with a solution of HCl (0.2 N) and precipitated with solution of Fe (III) (ammonium iron (III) sulphate.12 H2O). TPC was determined using the Folin-Ciocalteau method (Singleton and Rossi 1965) as modified by Beta et al. (2005) . The total phenolic content was used a Hitachi-U1800 spectrophotometer (Hitachi High-Technologies, Tokyo, Japan) at 725 nm. The results were expressed as mg gallic acid equivalents per g sample. Antioxidant activity was measured using 2.2-diphenyl, 1-picrylhydrazyl free radical (DPPH) as modified by Brand-Williams et al. (1995) . Total dietary fiber (TDF) contents of WWB samples were analyzed in duplicate using the AACC enzymatic-gravimetric method 32-07 (AACC 1990) . Total mineral concentrations of the samples were determined by spectroscopic method using a ICP-AES (Vista series, Varian International AG, Switzerland) as described by Bubert and Hagenah (1987) . HCl extractabilities of the minerals were carried out according to Saharan et al. (2001) .
Data analysis A commercial software program (TARIST, version 4.0; Izmir, Turkey) was used to perform statistical analyses. Data were assessed by analysis of variance. Means that were statistically different from each other were compared using Duncan's multiple range tests at 5% confidence interval.
Results and discussion

Analytical results
The results of the analysis for the WWF of Bezostaja-1 are shown in Table 1 . Crude protein, crude fiber, wet gluten, gluten index values of Bezostaja-1 (B) flours were found higher than those of the Bezostaja-1 (A) flours. In addition, Bezostaja-1 (B) wheat samples were better than Bezostaja-1 (A) wheat samples in quality in term of Farinograph and Extensograph parameters. As seen in Table 1 , Bezostaja-1 (B) is red and strong wheat in good bread making quality.
Nutritional properties
Protein and IVPD of WWB Protein and IVPD values of the WWB samples are given in Table 2 . Protein values were not significantly (P>0.05) affected by stabilization methods. Similar results have been reported by some researchers (Sun et al. 2006; Pınarlı et al. 2004; Vadivambal et al. 2007 ). As can be seen from Table 2 , the protein level was high in the breads produced from whole flour of Bezostaja-1 (B) wheat with high protein quality and content (Elgün and Ertugay 1995) . IVPD is an important factor when the nutritional status of a food product is assessed. In this study, IVPD values of WWB samples increased with stabilization methods. The highest protein digestibility values are obtained through the IR (75.6%) and AU (75.5%) stabilization methods and these are followed by MW (74.7%) and UV-C (72.9%) stabilization methods (Table 2) . Previously published studies report that, heating processes applied for stabilization clearly increased the protein digestibility (Abu-Tarboush 1998; Krishnamurthy et al. 2008) . Also, IVPD values decreased of WWB made from high strong wheat samples. This result may be attributed to the high content of phytic acid of WWB made from high-strong Bezostaja-1 (B) wheat flour (Table 2) . Since, phytic acid is an important antinutrient due to reducing effect on some minerals and also protein bioavailability (Rickard and Thompson 1997) .
Phytic acid content of WWB Phytic acid is found in cereals, legumes and seeds as a natural component. Phytic acid makes complex with necessary minerals important for human nutrition by hindering absorption. In addition, phytates formed with association of phytic acid and minerals affect the protein absorption negatively (Özkaya 2004) . Phytic acid content in cereal and legume grain can be decreased using, germination, soaking, fermentation and enzymatic methods (Bilgiçli and Elgün 2005) . The effects of wheat cultivar and stabilization methods on the phytic acid content of WWB are given in Table 2 . Phytic acid content of WWB changed between 454.8 and 566.5 mg/100 g. As seen in Table 2 , the average phytic acid content of WWB made from Bezostaja-1 (A) and Bezostaja-1 (B) were 462.8 mg/100 g and 544.70 mg/100 g, respectively. Özkaya (2004) has described that WWB made from WWF with 14.3% protein content have 708.3 mg/100 g phytic acid and ones with 11.1% protein have 642.3 mg/100 g of phytic acid content. There was a big difference between the phytic acid contents of WWB samples. Phytic acid content of WWB, when ordered from lowest to highest, were obtained as AU (454.8 mg/100 g), MW (461.0 mg/100 g), IR (504.8 mg/100 g), UV-C (536.8 mg/100 g) stabilizations and control (566.5 mg/100 g) group. The best results were obtained by AU and MW stabilization methods. Many researches in literature shows that thermal and radiation processes decrease the phytic acid content of food (Ahn et al. 2003; Al-Kaisey et al. 2003; Masud et al. 2007; Krishnamurthy et al. 2008 ).
TPC of WWB Phenolic compounds (phenolic acids, simple flavonoids, and proanthocyanidins) form a major group of phytochemicals found in plants. Numerous studies have indicated the positive association between consumption of foods rich in phenolic phytochemicals and health. The interest in phenolics has been spurred by recent reports of their antioxidant activity (Beta et al. 2005; Randhir et al. 2008) . Table 2 shows the TPC of WWB. TPC of WWB ranged between 1.2 and 1.4 mg GAE/g. TPC in the WWB samples was not affected when wheat cultivar from different strong wheat used in this study. These changes are due to environmental and genetic factors. TPC and antioxidant activity of wheat grain have been reported to be dependent on environmental and genetic factors. Further, the TPC of wheat varieties grown at different locations produced WWB whole wheat bread; IVPD In-vitro protein digestibility; TPC total phenolic content; TDF total dietary fiber significant differences when compared with each other (Liyana-Pathirana and Shahidi 2006). Effect of stabilization methods on TPC of WWB was given in Fig. 1a . As seen in Fig. 1a , TPC markedly increased in UV-C and IR stabilization methods. Nevertheless, TPC was not affected by AU and MW stabilization methods. As descriptive, all the stabilization applications increased TPC of the WWB samples. Many antioxidant phenolic compounds in plants, however, are most frequently present as covalently bound forms (Peleg et al. 1991) . These phenolics are also known to accumulate in the cellular vacuoles and thermal processing may release these contained unavailable phenolics (Randhir et al. 2008) . The increase in TPC as observed in WWB may be due to these bound phenolic compounds from the breakdown of cellular constituents and cell walls by thermal processing.
Antioxidant activity of WWB Antioxidants in grains and its products are known, but their potential contribution to health through the diet has essentially been ignored. Free radicals are believed to trigger the initiation phase of several diseases. The ability of natural antioxidants to react with free radicals makes them of special interest (Miller et al. 2000) .
In this study, DPPH is used as a free radical to evaluate antioxidant activity of WWB. Antioxidant activity was expressed as % ( Table 2 ). As seen in Table 2 , antioxidant activity of WWB varied between 13.3 and 17.6%. Antioxidant activity of WWB made from Bezostaja-1 (A) was found to be lower than WWB of Bezostaja-1 (B). It may be due to, higher phytic acid contents present in bread made from stronger wheat (Bezostaja-1 (B) ). It's known that, phytic acid have the good antioxidant properties (Graf et al. 1987) . Effect of stabilization methods on antioxidant activity of WWB was given in Fig. 1b . As seen in Fig. 1b , it was found that WWB branny fractions of which were stabilized had higher antioxidant activity than control. The highest antioxidant activity was found in UV-C (17.6%) stabilization method and followed by IR (17.2%), MW (16.8%), AU (16.2%) and control (13.3%) samples, respectively. Many studies in literature show that both thermal and radiation processes increased the antioxidant acitivity (Lee et al. 2006; Lemoine et al. 2007; Randhir et al. 2008; Hayat et al. 2010) . Its reason could be higher content of phenolic compounds. Beta et al. (2005) reported high correlation between TPC and antioxidant activity of wheat and wheat fractions. Other reasons could be due to Maillard reaction (non-enzymatic browning) and caramelization products (Randhir et al. 2008 ).
TDF of WWB Cereals are important source of dietary fiber. Cereals, containing high concentrations of TDF, are known to have a cholesterol-lowering effect, regulating blood glucose level and insulin response in diabetics and even reducing cancer risk (Slavin 2000) . TDF of the WWB samples are presented in Table 2 . Wheat cultivar was found significant on TDF of the WWB samples, while on the contrary stabilization methods were not found significant on these values of WWB samples. This result has shown that TDF of WWB was preserved. Similar result was reported by Siljestrom et al. (1986) . Also, TDF of WWB made from high-strong Bezostaja-1 (B) wheat was higher than those of Bezostaja-1 (A) wheat. Similarly phytic acid content of WWB made from Bezostaja-1 (B) was found high. Idouraine et al. (1996) reported that the phytic acid in cereals take part in TDF. It may be due to higher phytic acid content.
Total and HCl-extractability of minerals of WWB Total and HCl-extractability of minerals of WWB samples are presented in Table 3 and 4. Stabilization methods and wheat cultivars showed a significant effect on total "Zn", "Ca", "K", "Mg" and "P" contents. HCl-extractability of WWB made from high-strong wheat samples were lower than in WWB made from medium-strong wheat samples. The most effective factor may be high phytic acid content of high-strong wheat samples. Therefore, mineral bioavailability Generally, total mineral content and HCl-extractable minerals of WWB increased with stabilization methods of branny fractions. The most distinctive effect was observed with AU and MW applications which have higher heat penetration properties. It was previously reported that UV-C, AU, IR and MW stabilizations methods increased or prevented the mineral content of food (McCurdy 1992; Yue et al. 1998; Porres et al. 2003) .
The Recommended Dietary Allowances (RDAs) for adult males are 800 mg of calcium, 10 mg of iron, 1.6-2.0 g of potassium, 350 mg of magnesium, 800 mg of phosphorus and 15 mg of zinc. When 100-g (dry matter) WWB made from stabilized branny fractions in AU were consumed, 5.1% of RDA for Ca, 25.2% of RDA for Fe, 25.6% of RDA for K, 17.0% RDA for Mg, 48.1% of RDA for P and 10.8% of RDA for Zn were taken by the human body. These RDA ratios were 5.2% of Ca, 26.9% of Fe, 26.6% of K, 17.7% Mg, 50.5% of P and 10.9% of Zn in WWB made from stabilized branny fractions in MW treatment. These ratios are very important to overcome mineral deficiency, especially in terms of Fe and P. On the other hand, the bioavailability of these minerals also increased by stabilization application.
Conclusion
In this study, some changes in the nutritional properties of WWB made from stabilized branny fractions of Bezostaja-1 wheat were studied. As conclusion, nutritional properties of WWB improved with all stabilization methods. Especially, UV-C and IR treatments were found to have positive effects on TPC and antioxidant activity. AU and MW treatments not only decreased phytic acid content, but they also increased total mineral content and HCl-extractability of 
